The fragmentation of the cluster ion, [A1῎HCl῎A2῎H] ῌ of amine bases A1 and A2, is studied by the BEBE type tandem mass spectrometer. The cluster ion, [A1῎HCl῎A2῎H] ῌ , is generated by the fast atom bombardment (FAB) ionization of mixture of two hydrochlorides of amines. The precursor ion is selected by the first analyzer (BE) and the product ions are scanned by the second analyzer (B/E linked scanning). The fragmentation of [A1῎HCl῎A2῎H] ῌ yields two protonated monomers, [A1῎H] ῌ , [A2῎H] ῌ , and protonated heterodimer, [A1῎ H῎A2] ῌ . The relative abundances of [A1῎H] ῌ and [A2῎H] ῌ from the fragmentation of [A1῎HCl῎A2῎H] ῌ are found to be related to their relative proton a$nities and are used to determine the proton a$nities (PAs) of methamphetamine and its analogs. The PA of methamphetamine is estimated to be 965 kJ/mol. The Fragmentation of [M 1ῌHClῌM2ῌH] ῌ (M1, M2῎Amines) ῌ 199 ῌ
Introduction
Methamphetamine is the most commonly abused of this class of drugs in both the United States and Japan. In some European countries there is a greater problem with abuse of amphetamine and/or the synthetic analogs: 3,4-methylenedioxyamphetamine (MDA), 3,4methylenedioxymethamphetamine (MDMA), and 3,4methylenedioxy-N-ethylamphetamine (MDEA), they are often seized by the law enforcement agencies in Japan these days.
Mass spectrometry, and in particular gas chromatography/mass spectrometry (GC/MS), is being extensively used for the detection and analysis of drugs of abuse and their metabolites in body fluids. The ionization method for GC/MS is mostly electron ionization (EI), however, chemical ionization (CI) is often used to confirm the molecular weight. In recent years, liquid chromatography/mass spectrometry (LC/MS) using atmospheric pressure chemical ionization (APCI) or electrospray ionization (ESI) method has become one of the important techniques for trace analysis of drugs of abuse. In CI, APCI, and even in ESI, analyte charging in the gas phase occurs through gas-phase protontransfer reactions. Therefore, the measurements of proton a$nity (PA) values of drugs of abuse seem to be more interesting. The proton a$nities (PAs) of many compounds have been measured and reported. 1 In the previous paper, we showed that the fragmentation of [M῎HCl῎M῎H] ῌ yields [M῎H] ῌ and [M῎H ῎M] ῌ (a HCl loss) and discussed the behavior of the product ions. 9) In this work, we present the fragmentation of [A 1 ῎ HCl῎A 2 ῎H] ῌ and the relation between the relative abundances of [A 1 ῎H]῎ and [A 2 ῎H] ῌ from the fragmentation of [A 1 ῎HCl῎A 2 ῎H] ῌ and PA di#erences between A 1 and A 2 . The PAs of methamphetamine and its analogs are also discussed.
Experimental

Materials
Glycerol (FAB matrix) was purchased from Kanto Chemical Co., Inc. Methamphetamine hydrochloride was purchased from Dainippon Pharmaceutical Co., Ltd. Amphetamine sulfate, 3,4-methylenedioxymethamphetamine (MDMA) hydrochloride, 3,4-methylenedioxy-N-ethylamphetamine (MDEA) hydrochloride, and dimethylamphetamine hydrochloride were supplied from National Research Institute of Police Science. Other chemicals were analytical grade and purchased from Wako Pure Chemical Industries, Ltd. All compounds were used without further purification. PA values are taken from ref. stated otherwise) were mixed with glycerol (FAB matrix) and put on the probe tip. The ion accelerating voltage was 10 kV. The resolution was 1,000. FAB mass spectra were recorded at a scan rate of m/z 2,600 in 10 s for the mass range m/z 0῍800. For CAD measurements, Ar was introduced into the collision cell until the intensity of the precursor ion beam was reduced to about 30῏. The mass range was scanned from 0 to the mass that is 5 ῏ larger than that of selected precursor ion at a scan rate of m/z 2,600 in 120 s and accumulated for 5 min. Metastable ion (MI) spectra were obtained without collision gas.
Results and Discussion
3.1 FAB mass spectra of mixture of two hydrochlorides of amines FAB mass spectra of mixture of two amines whose PAs are known are measured.
The FAB mass spectrum of the mixture of methylamine (A 1 ) and ethylamine (A 2 ) is shown in Fig. 1 Figure 2 shows the MI (A) and the CAD (B) spectra of the cluster ion, [A 1 ῌHClῌA 2 ῌH] ῌ , from the mixture of two amines whose PA are known in the literature. 1) In Fig. 2-B -a, protonated molecules of methylamine (PA ῎896 kJ/mol) and ethylamine (PA῎908 kJ/mol) at m/z 32 and m/z 46, respectively, and the proton bound heterodimer (a HCl loss) at m/z 77 are produced from the cluster ion, [A 1 ῌHClῌA 2 ῌH] ῌ , at m/z 113. The proton bound heterodimer is not observed in the both of MI (Fig. 2-A-d ) and CAD spectra (Fig. 2-B-d ) from the mixture of diethylamine (PA῎945 kJ/mol) and triethylamine (PA῎972 kJ/mol).
From Fig. 2 
Proton a$nity of methamphetamine
In the FAB mass spectra of the mixture of methamphetamine (A 1 ) and some reference bases (A 2 ) with high PA, the intensities of proton bound heterodimer [A 1 ῌH ῌA 2 ] ῌ are too small to obtain the CAD spectra. Therefore, the dissociation of the cluster ion, [A 1 ῌ HClῌA 2 ῌH] ῌ , is used to decide the PA of methamphetamine. The proton a$nity of methamphetamine is obtained from the dissociation of the cluster ion, [A 1 ῌHClῌA 2 ῌ H] ῌ , as 965 kJ/mol.
Proton a$nities of drugs of abuse
The order of PAs of seven abused drugs, which are methamphetamine analogs, is suggested on the basis of the fragmentation of the cluster ion, [A 1 ῌHClῌA 2 ῌ H] ῌ , from the mixture of two hydrochlorides (sulfate for amphetamine) of compounds.
The results are shown in Fig. 4 and Table 2 . Though 2-phenylethylamine is not an abused drug, it is listed as a reference. Methamphetamine and amphetamine are stimulants. Ephedrine and dimethyamphetamine are controlled as the synthetic precursors of stimulants. MDMA and MDEA are narcotics. Methoxyphenamine is one of the doping substances in sport.
The PAs increase in the order 2-phenylethylamine (925 kJ/mol)῍amphetamine῍methamphetamine (965 kJ/mol)῍ephedrine῍MDMA῍MDEA῍dimethylam-phetamine῍methoxyphenamine. From Table 2 , the substitution of one hydrogen atom of the amino group by a methyl group increases PA as described elsewhere. 3) The presence of an OH group at carbon of the alkyl chain, 3,4-methylenedioxy group and methoxy group in aromatic ring also increase PA values.
Conclusions
We studied the fragmentation of the cluster ion, [A 1 ῌHClῌA 2 ῌH] ῌ , and the relative abundances of [A 1 ῌ H] ῌ and [A 2 ῌH] ῌ from the fragmentation of [A 1 ῌHCl ῌA 2 ῌH] ῌ are found to be related to PA di#erences between compound A 1 and compound A 2 .
We apply this method in order to obtain the PA values of some drugs of abuse and the result is amphe-tamine῍methamphetamine (965 kJ/mol)῍ephedrine ῍ MDMA ῍ MDEA ῍ dimethylamphetamine ῍ methoxyphenamine. The proton a$nity of methamphetamine from dissociation of the cluster ion, [A 1 ῌHClῌA 2 ῌH] ῌ , is 965 kJ/mol.
